This study aimed to investigate the predictive value of multislice spiral computed tomography (MSCT) perfusion imaging for the efficacy of preoperative concurrent chemoradiotherapy (CCRT) in middle-aged and elderly patients with locally advanced gastric cancer (LAGC).
Background
Gastric cancer (GC) is one of the most common malignant tumors in the world, and in 2008, its mortality rate ranked second among all malignant tumors [1, 2] . Due to a lack of routine screening, the diagnosis rate of early GC is low, and most patients are diagnosed in advanced stages [3] . Surgical resection is the preferred treatment for locally advanced GC (LAGC). Although it can be widely used to achieve lymph node clearance, the recurrence rate is as high as 60% [4] . Previous studies have shown that in 50% to 60% of LAGC patients, cancer relapse occurred within five years after surgery [4, 5] . In order to improve the long-term survival of GC, adjuvant radiotherapy and chemotherapy are being used as new treatment for LAGC [6] . Concurrent chemoradiotherapy (CCRT) has been used as a neoadjuvant treatment option for GC because of its applicable dose radiation delivery, selective sparing of critical structures (the kidneys or liver), and more complete coverage of the target to full dose. The reduction of acute toxicity and late sequelae caused by image-guided preoperative CCRT may be more feasible for treating LAGC [7, 8] . Recently, preoperative CCRT achieved excellent target coverage and pathologic response to localized gastric adenocarcinoma [9] . It may be necessary to explore the efficacy of preoperative CCRT, so as to provide appropriate treatment planning for LAGC.
In recent years, with the development of cloud computing and an increase in Z-axis detectors and data acquisition channels, multislice computed tomography (MSCT) has greatly enhanced its image resolution, scanning speed, and the thickness of acquisition layer. These advantages of MSCT contribute to a better imaging determination of LNM in GC and high performance of preoperative assessment in clinical applications [10] . Computed tomography (CT) perfusion imaging is a new imaging technology that can display the concentration change of contrast agents in tissues and organs, so as to reflect their perfusion characteristics [11] . Perfusion parameters before and after treatment provide a better understanding of blood supply and vascular permeability in GC, which is conducive to predict the therapeutic efficacy of the treatment [11] . A previous study indicated that the correlation between breast cancer MSCT perfusion parameters and VEGF and MMP-2 expression might be useful for detection of breast lesions, qualitative diagnosis of breast cancer, and evaluation of breast cancer treatment [12] . However, there have been few studies in the predictive value of MSCT perfusion imaging for the efficacy of CCRT in patients with GC. In this study, a variety of rigorous data processing methods have been used to assess the predictive value of MSCT perfusion imaging for the efficacy of preoperative CCRT in middle-aged and elderly patients with LAGC.
Material and Methods

Ethnic statement
This study was approved by the ethics committee of Dongying People's Hospital and all patients receiving chemotherapy before surgery signed written informed consents.
Study patients
One-hundred twenty-six patients pathologically diagnosed with LAGC were selected from the Department of Radiology at Dongying People's Hospital between January 2010 and September 2012. These patients were 55 to 80 years old with a mean age of 64.27±7.77 years [13] , including 95 male patients and 31 female patients. On the basis of tumor location, 60 cases were diagnosed with tumors located in the gastric cardia, 27 cases with tumors located in the gastric corpus, 28 cases with tumors located in the gastric antrum, and 11 cases with tumors located in the entire stomach. The pathological grade of 56 cases was identified as grade II and that of 70 cases was identified as grade III. In accordance with Tumor Node Metastasis (TNM) classification for malignant tumors published in 1997 [14] , there were two cases with stage II LAGC, 56 cases with stage III LAGC, and 68 cases with stage IV LAGC. As for histological classification, there were 72 cases with papillarytubular adenocarcinoma, 50 cases with low-grade adenocarcinoma, signet-ring cell carcinoma (SRCC), two cases with squamous cell carcinoma, and two cases of carcinoids. Inclusion criteria were as follows: patients with Karnofsky performance scale (KPS) scores >80 points; patients without distant metastasis; and patients without any contraindication to chemotherapy or radiotherapy. Exclusion criteria was as follows: patients with allergy or contraindication to iodine; patients with severe heart, liver, or kidney dysfunctions; patients with thyrotoxicosis; unclear images of the lesions due to a poor image quality or gastric filling defect after computed tomography (CT) scan; and patients with a history of hormonotherapy or other therapy.
MSCT
All patients were required to undergo at least eight hours of food and water fasting before the MSCT scan, and they were injected with 25 mg of anisodamine (National Medicine Permit No. H33021706, Hangzhou Minsheng Pharmaceutical Group Co., Ltd., Zhejiang, China.) 15 minutes before the scan. Before treatment, MSCT was performed using a GE Lightspeed QX/ iScanner (Philips Brilliance, USA). During the MSCT scan, patients received routine abdominal CT scan in the supine position (pitch, 1.35; scanning speed, 0.8 second per rotation; interval spacing, 5 mm; slice thickness, 5 mm). The slice with the largest tumor size was selected as a target slice, followed by scanning for continuous four slices above and four below the target slice with 45 times per slice. Then, all patients were intravenously injected with 45 mL of contrast agent Ultravist (National Medicine Permit No. H33021706, Guangzhou Schering Pharmaceutical Ltd., Guangzhou, China) at a speed of 4 mL/second. The scan restarted at the eighth second of injection, and continued for 150 seconds at a speed of 1.5 seconds per scan. In addition, during the scan, patients who could not hold their breath for a long time were requested to breathe slowly. And the other patients were requested to hold their breath for about 50 seconds with a band tied on their abdomen. After scanning, all images were uploaded to an Advantage Workstation (AW) 4.4 (GE Health Care, USA), and were processed by the GE Medical systems CT Pe-sion software package. Perfusion maps and time-density curves of the abdominal aorta and gastric lesions were analyzed to obtain the perfusion parameters, including the blood flow volume (BF), blood volume (BV), mean transit time (MTT), and permeability surface (PS).
CCRT
Before surgery, CCRT was performed using a Varian CadPlan treatment planning system with a varian 23EX linear accelerator (Varian Inc., Walnut Creek, CA, USA). All patients were treated with a 6-MV x-ray CCRT with a total dose of 45 Gy (1.8 Gy/day) before the surgery. Patients were requested to fast for four hours before positioning, and were treated with oral contrast medium (200~400 mL) 10 minutes before positioning. Fixed on dorsal decubitus position, patients held in their hands and put them on their foreheads. Laser light was positioned and molding of thermoplastic materials was used to fix patients' body. Siemens Plus4 CT (Siemens, Germany) was performed for enhancement scanning from 5 cm above diaphragm to the level of umbilicus (if it was cardiac cancer, the upper bound of scanning would be on the level of sternal angle). The interlayer spacing was 5 mm. The result of CT scan was transferred to TPS treatment planning system. Clinical target volume (CTV) was sketched layer-by-layer on CT images, including tumor bed, stoma, and lymph-node region. If the tumors occurred in cardia or gastric fundus, the lower esophagus (5 cm) and splenoportal lymphnode region was included; if the tumors occurred in the gastric antrum, the cardia and splenoportal lymph-node region was not be included. Planning target volume (PTV) was sketched at external 0.5~0.7 cm on the basis of CTV, and at external 1 cm in cephalo-caudal direction. Inverse planning design was adopted to optimize treatment plan using multi-leaf collimator. Five to seven radiation fields were set. Prescription dose of all plans was 45 Gy, and all plans were optimized to assure that PTV (³95%) was received 42.75 Gy. The times of segmentation was 25, 1.8 Gy/time, one time/day, five times/week (the total period, five weeks). The renal volume that receiving 15~18 Gy was less than 50% (V15-18 £50%), and the normal liver volume that receiving 30 Gy was less than 30% (V30 £30%), and the dose of spinal cord was less than 40 Gy. In IMRT plan, the highest dose of any region within PTV was less than 49.50 Gy (110% prescription dose). The applied dose-dose-volume histogram (DVH) was performed to evaluate the target area of conformal radiation therapy and normal organs and tissues. Patients were requested fasting and were treated with the equal dose of plain boiled water to positioning. During radiotherapy, patients were given antacids to protect gastric mucosa. The procedure was immediately halted if the white blood cells <3.0×10 9 /L. All patients were treated with subcutaneous injection of granulocyte colony-stimulating factor (G-CSF). Patients were also received concurrent chemotherapy since the first day of radiotherapy. Carboplatin (AUC 2) was administered intravenously once a week. On the first, eighth, fifteenth, twenty-second, and twenty-ninth day of radiotherapy, patients were intravenously injected with paclitaxel (50 mg/m 2 ).
Evaluation of efficacy and adverse reaction
After one month of CCRT, tumor response was assessed using MSCT, and perfusion parameters (BF, BV, MTT, and PS) were obtained. According to World Health Organization (WHO) Response Evaluation Criteria in Solid Tumors (RECIST), the clinical response was evaluated as following standards: complete remission (CR): all visible lesions have been completely vanished for at least four weeks; partial remission (PR): the tumor volume (maximum horizontal diameter x maximum vertical diameter) has been reduced by more than 50% for at least four weeks; stable disease (SD): the tumor volume has been reduced or enlarged by less than 25%, and no new lesion was generated; progressive disease (PD): the tumor volume has been reduced or enlarged by more than 25%, or new lesions were generated. Based on the tumor response, patients were categorized into the effective group (CR + PR) and the ineffective group (SD + PD).
Maximum horizontal diameter and maximum vertical diameter of the tumor were measured before and one month after CCRT. The tumor volume was obtained by multiplying maximum horizontal diameter by maximum vertical diameter. Tumor volume reduction rate [15] (%)=(preoperative tumor volume-postoperative tumor volume)/preoperative tumor volume ×100%.
The criteria for evaluation of toxicity and side effects were in accordance with classification standard on toxicity and side effects of chemotherapy drugs provided by the WHO. The routine blood test was detected twice a week, and liver and renal function and electrocardiogram was evaluated before and after chemotherapy.
Surgical method
Four to six weeks after CCRT, gastrointestinal radiography, gastroscopy, upper abdominal enhanced CT, and transabdominal color Doppler ultrasound were performed to evaluate the respectability of the tumor. All patients underwent radical total gastrectomy. Complete resection of the lesion (R0 resection) was confirmed if no residual tumor was observed at resection margin by naked eyes or a negative microscopic resection margin was defined. Next, D2 dissection was performed for removing perigastric lymph nodes; dissection was undertaken during the surgery. Except when judged by the naked eye, the frozen sections during surgery were used to determine whether LNM had or had not occurred. When LNM had occurred, it served as a parameter of D3 dissection. Postoperative adjuvant chemotherapy was determined by chemotherapists.
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Follow-up
The follow-up was conducted for all patients through outpatient clinic visits and telephone follow-up. It started from the day when the patient was discharged from hospital, and ended at the date of death, loss to follow-up, or the last visit. Three-year relapse-free survival rates were calculated. The last follow-up ended in January 2016. Clinicopathological features were obtained, and the diagnosis method of relapse, the time of verification, and the location of relapse were recorded during the follow-up. The overall survival rate was analyzed by Kaplan-Meier life table method.
Statistical analysis SPSS 19.0 software (SPSS, Chicago, IL, USA) was used for statistical analysis. Measurement data were presented as mean ± standard deviations (SD). Comparisons of measurement data between two independent groups were analyzed using the paired t-test; Comparisons among multiple groups were detected by an independent-samples t-test. Enumeration data were expressed as a percentage or ratio and comparisons of enumeration data were assessed with chi-square test. Overall survival rate was measured by Kaplan-Meier analysis. The receiver operating characteristic (ROC) curve was applied to evaluate the predictive value of MSCT perfusion parameters. Multiple logistic regression analysis was applied to analyze the association of MSCT perfusion parameters with the efficacy of preoperative CCRT. A p value less than 0.05 was considered to be statistically significant.
Results
Perfusion images of tumor lesions in middle-aged and elderly patients with LAGC Among 126 LAGC patients, perfusion images showed that mass-like enhancement and rough serous were observed in 81 patients, linear enhancement and fuzzy fat intervals nearby lesions were observed in 63 patients, and heterogeneous enhancement and nodular hyperplasia were observed in 12 patients (Figure 1 ).
Comparisons of clinicopathological features of LAGC patients between the effective and ineffective groups
On the basis of tumor response, there were 25 patients with CR, 39 patients with PR, and 62 patients with SD. Thus, there were 64 patients in the effective group and 62 patients in the ineffective group. The tumor volume reduction rate of the effective group was 59.23±8.53%, and that of the ineffective group was 10.41±3.36%. No significant difference was observed between the effective group and the ineffective group in terms of gender, age, preoperative tumor size, tumor location, LNM, tumor differentiation, and histological type (all p>0.05) ( Table 1) . Table 2 .
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Perfusion parameters derived from MSCT of LAGC patients in the effective and ineffective groups before and after CCRT
As shown in Table 3 , compared with perfusion parameters before CCRT, the BF, BV, and PS, values of LAGC patients in the effective group were significantly decreased after one month of CCRT (all p<0.05). However, no significant change was observed in the PS value of LAGC patients in the effective group before and after CCRT (p>0.05). For LAGC patients in the ineffective In the gastric cardia 33 27
In the gastric corpus 16 11 In the gastric antrum 10 18 In the entire stomach 5 6 group, there was no evident difference in perfusion parameters (BF, BV, MTT, and PS) before and after CCRT (all p>0.05). After one month of CCRT, the BF, BV, and PS values of LAGC patients in the effective group were significantly lower than these in the ineffective group (all p>0.05).
Predictive value of perfusion parameters derived from MSCT before CCRT for the efficacy of CCRT in LAGC patients
With an optimal cutoff point of 60.985 mL/100 g·min, the sensitivity and specificity of BF value for predicting the efficacy of CCRT in LAGC patients were 79.00% and 73.44%, respectively.
As shown in Figure 2A , the area under the ROC curve (AUC) of BF value was 0.828. With an optimal cutoff point of 8.650 mL/100 g, the sensitivity and specificity of BV value for predicting the efficacy of CCRT in LAGC patients were 71.00% and 75.00%, respectively. As shown in Figure 2B , the AUC of BV value was 0.817. With an optimal cutoff point of 9.680 seconds, the sensitivity and specificity of MTT value for predicting the efficacy of CCRT in LAGC patients were 38.70% and 81.25%, respectively. As shown in Figure 2C , the AUC of MTT value was 0.609. With an optimal cutoff point of 18.960 mL/100 g min, the sensitivity and specificity of PS value for predicting the efficacy of CCRT in LAGC patients were 82.30% and 90.63%, respectively. As shown in Figure 2D , the AUC of PS value was Table 3 . Comparisons of perfusion parameters derived from MSCT of LAGC patients in the effective and ineffective groups before and after CCRT.
MSCT -multislice spiral computed tomography; LAGC -locally advanced gastric cancer; CCRT -concurrent chemoradiotherapy; SD -standard deviation; BF -blood flow volume; BV -blood volume; MTT -mean transit time; PS -permeability surface; * P<0.05, compared with LAGC patients in the ineffective group after CCRT. 
Toxicity and side effects of LAGC patients before CCRT
Toxicity and side effects were presented as gastrointestinal reaction: the incidence rate of anorexia in the effective group was 65.63%, and in the ineffective group was 32.26%; the incidence rate of weakness in the effective group was 75.00%, and in the ineffective group was 38.71%; the incidence rate of nausea and vomiting in the effective group was 23.44%, and in the ineffective group was 9.69%; the incidence rate of leukocytosis in the effective group was 46.88%, and in the ineffective group was 30.65%, which indicated that the incidence rate of weakness and anorexia in the effective group was much higher than that in the ineffective group. The patients without liver and renal dysfunction had no treatmentrelated mortality (Table 4) .
Multiple logistic regression analysis
Multiple logistic regression analysis (Table 5) was performed for the efficacy of preoperative CCRT as the dependent variable, and LNM, tumor differentiation, histological type, BF, BV, and PS as independent variables. The results presented that BF value (OR=0.171, 95% CI=0.052-0.556), BV value (OR=0.151, 95% CI=0.045-0.506) and PS value (OR=0.033, 95% CI=0.010-0.113) were the influence factors for the efficacy of preoperative CCRT in LAGC patients (all p<0.05).
Associations of perfusion parameters derived from MSCT before CCRT with the survival of LAGC patients
After three-year follow-up for all patients, there were 52 deaths, and five patients lost to follow-up. The overall survival rate was 62.70% with a median survival time of 29.2 months. According to Kaplan-Meier survival curves (Figure 3) , the overall survival rate of patients in the effective group was 71.88%, and that of patients in the ineffective group was 53.23%. The effective group exhibited longer survival times of LAGC patients than the ineffective group (p<0.05). With LNM, tumor differentiation, histological type, and perfusion parameters before CCRT (BF, BV, and PS) as variables, univariate analysis was performed to analyze the association of these variables with the survival time of LAGC patients after CCRT. The results indicated that LNM, tumor differentiation, BF, BV, and PS were associated with the survival time of LAGC patients (all p<0.05). Survival times of LAGC patients without LNM were longer than that of LAGC patients with LNM (p<0.05). LAGC patients with moderate/high differentiation had longer survival times than patients with low differentiation (p<0.05). Besides, Table 5 . Multiple logistic regression analysis.
BF -blood flow volume; BV -blood volume; MTT -mean transit time; PS -permeability surface; OR -odds ratio; CI -confidence interval. 
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LAGC patients with low BF value (<60.985 mL/100 g·min), low BV (<8.650 mL/100 g) and low PS value (<18.960 mL/100 g·min) had longer survival times than patients with high BF value (>60.985 mL/100 g·min), high BV value (>8.650 mL/100 g) and high PS value (>18.960 mL/100 g·min) (all p<0.05).
Discussion
It has been reported that the application of postoperative radiotherapy in the treatment of late stage GCs significantly reduced cancer recurrence rate and improved survival [16] . In this paper, MSCT perfusion imaging was performed to predict the efficacy of preoperative CCRT in the treatment of LAGC. And ROC curves, Kaplan-Meier survival curves, and multiple logistic regression analysis were applied to evaluate the predictive value of MSCT perfusion imaging. It is hoped that this study would provide a clinical basis to evaluate the efficacy of preoperative chemo-radiotherapy in the treatment of LAGC.
In this study, perfusion parameters derived from MSCT before treatment was closely associated with LNM, tumor differentiation, and histological type in LAGC patients. MSCT perfusion imaging has been widely used in the diagnosis, staging, prognosis, and efficacy monitoring of tumor response [17] . It has been shown that MSCT perfusion imaging is applied in the assessment of tumor markers using perfusion parameters, such as BF, BV), and PS. This may be helpful to quantify physiological changes during angiogenesis, thus showing a great prospect in the quantitative and qualitative tumor research [18] . MSCT perfusion imaging may be also helpful at colonic neoplasms. A previous study has indicated that diagnosis of bowel wall thickening (BWT) by abdominal CT imaging reveals pathologies in many cases, and colonoscopies can be helpful in the differential diagnosis [19] . Moreover, inguinal hernia presently can be repaired laparoscopically [20] . Histological type is a main basis for the decision for surgical resection, and it is also an important factor affecting the prognosis of GC [21] . Histological types of GC mainly include the intestinal type of well-differentiated tubular and papillary adenocarcinoma, and the diffused type of low-differentiated adenocarcinoma and signet ring cell carcinoma [22] . It has been demonstrated that GC of different histological types responded differently to therapies and hence resulting in different outcomes [23] . The results of this study demonstrated that perfusion parameters were important indicators for LNM, tumor differentiation, and histological type in LAGC patients. In addition, intuitive images and quantitative data of perfusion parameters from MSCT could accurately evaluate the efficacy of preoperative CCRT during the treatment of LAGC. MSCT perfusion parameters were reported to be of important clinical value in the preoperative assessment of GC [24] . Perfusion parameters changed when a normal tissue turned into a cancerous tissue, and the PS and BF values were associated with the proliferation of tumor factors [25] . In addition, PS and BF values in GC tissues were significantly higher than those in normal gastric tissues [26] , and the BF, BV, and PS values were different in different degrees of tumor differentiation, suggesting these perfusion parameters could serve as indicators of cancer malignancy and severity [27] .
In our study, compared with perfusion parameters before CCRT, BF, BV, and PS values of LAGC patients in the effective group were significantly decreased after one month of CCRT. After MRT, BF, BV, and PS values of LAGC patients in the effective group were significantly lower than in the ineffective group. After radiotherapy, patients with high BF and low MTT values have been shown to achieve a higher survival rate, and the decrease in the BF value was correlated to the change in tumor size [28] , indicating that the perfusion parameters could provide a basis for the evaluation of radiotherapy efficacy. Bellomi et al. reported that BF, BV, and PS of CT perfusion were evidently decreased after chemoradiotherapy in patients with rectal cancer [29] . Therefore, perfusion parameters derived from MSCT might be feasible for the outcomes of CCRT. In this study, LNM, tumor differentiation, BF, BV, and PS were associated with the survival time of LAGC patients after treatment. Patients with low BF, BV, and PS values (less than their optimal cutoff values) had longer survival times.
CT perfusion may predict the response to the treatment of transarterial chemo-lipiodol infusion, and BV, BF, and PS values also predict the survival of patients with unresectable colorectal cancer liver metastases [30] . The ROC curves in our study indicated that these three values had high sensitivities and specificities. Therefore, BF, BV, and PS values might be considered as predictive factors for the efficacy of CCRT in LAGC patients. Confirmed by multiple logistic regression analysis, these three parameters were influence factors for efficacy of CCRT.
Conclusions
Our study results suggest that MSCT perfusion imaging could provide an accurate assessment for the efficacy of preoperative CCRT in the treatment of LAGC. Perfusion parameters (BF, BV, and PS) might be predictors for the efficacy of preoperative CCRT with chemotherapy. However, the specific mechanism of MSCT perfusion parameters on evaluating the efficacy of preoperative CCRT with chemotherapy is not yet been entirely understood. It is necessary to further explore how these perfusion parameters function in treatment, which may be of great value for treatment and recovery of LAGC. A limitation of this study was the age range of patients. Thus, this should be further verified in a larger sample size of patients without age limitation.
